All relevant data are within the paper and its Supporting Information files.

Introduction {#sec001}
============

Colubrid snakes are one of the most speciose among serpents with \~1806 species distributed across the world \[[@pone.0148380.ref001]--[@pone.0148380.ref005]\]. Colubridae has had a complex taxonomic history and many attempts to break down this family in smaller units have thus far failed \[[@pone.0148380.ref002],[@pone.0148380.ref006],[@pone.0148380.ref007]\] and only recent phylogenetic analysis by several authors have addressed and resolved some of the taxonomic flux \[[@pone.0148380.ref002],[@pone.0148380.ref008]--[@pone.0148380.ref010]\]. Among colubrids, racer and allied snakes have had immensely unstable state of taxonomy (especially members referred to the genus *Coluber s*.*l*. Linnaeus) and only in recent years some of it has been resolved however most remain unattended, especially Asian taxa (see \[[@pone.0148380.ref007],[@pone.0148380.ref011]--[@pone.0148380.ref017]\].

Vyas & Patel \[[@pone.0148380.ref018]\] depicted an uncollected snake in [Fig 1](#pone.0148380.g001){ref-type="fig"} from Bhavnagar with two black longitudinal stripes to the genus *Coronella* while presenting new locality records for *C*. *brachyura* from Gujarat state. *Coronella brachyura* is a small sized snake lacking longitudinal stripes and a presubocular too \[[@pone.0148380.ref019]\] which raised doubts on the identity of the striped snake from Gujarat. Given that the specimen was not available to the authors, the exact identity of the striped snake remained in question. Over the years the second author (RV) recorded this morph from several localities in the state and had two specimens sent to him from two other localities. Recently one of us rescued an adult male specimens of the striped form depicted in [Fig 1](#pone.0148380.g001){ref-type="fig"} by Vyas & Patel \[[@pone.0148380.ref018]\] and the specimens from RV enabled us to investigate its phylogenetic position using morphological as well as molecular data. Results from molecular data show that the snake belongs to a clade arid snakes with *Platyceps* Blyth, *Eirenis* Jan, *Spalerosophis* Jan, *Macroprotodon* Guichenot and *Lytorhynchus* Peters etc. The snake however greatly differs morphologically as well as genetically which warrants erection of a new genus to accommodate the new species from Gujarat.

![*Wallaceophis* gen. et. *gujaratensis* sp. nov. holotype male NCBS HA-105 in life.\
Photo by Zeeshan Mirza.](pone.0148380.g001){#pone.0148380.g001}

In the present communication, we describe the snake from Gujarat as a new species and propose a new genus to accommodate the striped form of *Coronella* \[[@pone.0148380.ref018]\]. Data from molecular dating allows us to discuss biogeography of the new species.

Material and Methods {#sec002}
====================

Ethics statement {#sec003}
----------------

The present study was conducted with appropriate permissions granted by the Forest Department of Gujarat state permit no. WZP/5585/22/C/590-92/3-8-1990 and B/WPS/8/9388-92/2013-14 in accordance with the Indian Wildlife Protection Act 1972. Furthermore, two of the type specimens were found dead in unprotected areas and the species collected is not listed in IUCN Redlist or by CITIES. The holotype was collected alive and was euthanized using ketamine treatment following AVMA guidelines \[[@pone.0148380.ref020]\] and did not require approval by an ethics committee.

Molecular phylogeny and analysis {#sec004}
--------------------------------

Genomic DNA was extracted using Qiagen DNeasy^TM^ Tissue kits followed by amplification of three mitochondrial (12s & ND4 for two specimens & 16s for only the one specimen) and one nuclear genes (c-mos for two specimens) following Pyron et al. \[[@pone.0148380.ref008]\]. Primers used for amplification of target DNA were based on previous studies Schätti & Utiger \[[@pone.0148380.ref016]\] and Pyron et al. \[[@pone.0148380.ref008]\]. PCR reaction of 10μl were set containing 4μl Qiagen^TM^ Taq PCR Master Mix, 3μl water, 0.5μl of each forward and reverse primer and 2μl of genomic DNA were set on a temperature gradient for temperature optimization using a Eppendorf Mastercycler Nexus GSX1. PRC products were cleaned with QIAquick PCR Purification Kit and were sequenced with a 3730 DNA Analyzer. Sequences of protein coding genes were aligned using MACSE \[[@pone.0148380.ref021]\] to check for frameshifts and codons and were concatenated with non-coding gene sequences in Geneious R6 v.6.18. \[[@pone.0148380.ref022]\]. For elucidating phylogenetic relationship of the snake, we performed a Maximum Likelihood analysis of 410 species of snakes based on \~570bp of cmos gene which showed that the snake is a member of the arid clade containing the genera *Platyceps*, *Macroprotodon*, *Lytorhynchus* and *Hemerophis* etc. In order to ascertain this, we concatenated data of five genes (nuclear: cmos \~570bp; mitochondrial: cytb 1118bp, ND4 \~676bp, 12s \~343, 16s 338bp) and performed a Maximum Likelihood analysis in RAxML v. 8.0.0 \[[@pone.0148380.ref023]\] for 48 taxa listed in "[S1 Table](#pone.0148380.s002){ref-type="supplementary-material"}". Bayesian analysis was performed with BEAST v.1.7.3 \[[@pone.0148380.ref024]\] with concatenated cmos and cytb sequences for Bayesian tree with posterior probability support. To estimate the age of divergence of the new genus, we included taxa that could be used for node calibrations. Calibrations follow Nagy et al. \[[@pone.0148380.ref002]\] excluding rooting with a mammal. The tree output file was visualized and edited in FigTree v1.3.1. Sequences of the new species have been submitted to GenBank with the following accession numbers: KR819917--KR819923. Ancestral area reconstruction was performed on Bayesian tree with RASP \[[@pone.0148380.ref025]\]. Each node was coded with their present distribution following zoogeographic zones of the world following Holt et al. \[[@pone.0148380.ref026]\].

Morphology and other analysis {#sec005}
-----------------------------

Specimens were fixed in 4% formalin and later stored in 70% ethanol and is deposited in the collection of the National Centre for Biological Sciences, Bangalore (NCBS) and Bombay Natural History Society, Mumbai (BNHS). Measurements were taken with a Mitutoyo^TM^ digital caliper to the nearest 0.01mm and total length was measures using a thread. Ventral scales were counted following Dowling \[[@pone.0148380.ref027]\] and scale reduction method follows Dowling \[[@pone.0148380.ref006]\] with modifications needed for representing vertebral scale reductions. To describe the position of dorsal scale row reductions/increase, total ventral scales have been converted in percentage and the reduction/increase is not presented at the actual ventral number but in percentage. Maxillary and palatine bones were dissected from the holotype to study the number and nature of dentition and were observed under a Leica^TM^ S8APO stereo-binocular microscope. Images were taken with the help of a Canon 70D mounted with a Canon 100mm macro and illuminated with the help of a two Canon 430EXII speedlight. Illustrations were prepared by RVS. Morphological data for related genera were obtained from Smith \[[@pone.0148380.ref007]\], Schätti & Trape \[[@pone.0148380.ref015]\], Schätti & Monsch \[[@pone.0148380.ref014]\], Schätti et al. \[[@pone.0148380.ref017]\] and Schätti & Utiger \[[@pone.0148380.ref016]\]. Sea level rise imagery were taken from <http://calculatedearth.com/> to ascertain isolation of Saurashtra form mainland India. These images were recreated in Adobe Photoshop CS6 and QGIS for publication.

Nomenclature acts {#sec006}
-----------------

The electronic edition of this article conforms to the requirements of the amended International Code of Zoological Nomenclature, and hence the new names contained herein are available under that Code from the electronic edition of this article. This published work and the nomenclatural acts it contains have been registered in ZooBank, the online registration system for the ICZN \[[@pone.0148380.ref028]\]. The ZooBank LSIDs (Life Science Identifiers) can be resolved and the associated information viewed through any standard web browser by appending the LSID to the prefix \"<http://zoobank.org/>\". The LSID for this publication is: urn:lsid:zoobank.org:pub: E1E0E289-527A-4506-985B-85159BC367E5. The electronic edition of this work was published in a journal with an ISSN, and has been archived and is available from the following digital repositories: PubMed Central, LOCKSS.

Results {#sec007}
=======

Systematics {#sec008}
-----------

### *Wallaceophis* gen. nov. Mirza, Vyas, Patel & Sanap, 2016 {#sec009}

urn:lsid:zoobank.org:act:43CA682D-4EE0-4653-95B6-6F4E0C2FAEDE

### Type species {#sec010}

Wallaceophis gujarateneis **sp. nov.**

### Diagnosis {#sec011}

A medium sized snake in relation to members of the family measuring SVL 250--930 mm differing from most colubrid genera in lacking hypapophyses on posterior dorsal vertebrae ([Fig 2](#pone.0148380.g002){ref-type="fig"}) and in bearing nine maxillary teeth and the posterior-most teeth are subequal, nine palatine teeth. Dorsal scale reduction characterized by vertebral reductions, increase of scale rows posterior to neck, a single lateral reduction at midbody and regular vertebral reductions in posterior half of the body. Rostral not visible from above, a small presubocular present. Eight supralabials, fourth and fifth in contact with orbit, anal undivided, 215--216 ventrals, 51--54 subcaudals, hemipenis subcylindrical, spinose throughout and 3--4 dorsal scale row wide black longitudinal stripe running from the post nasal to the tail tip on each side on a wheat colored dorsum.

![*Wallaceophis* **gen. et.** *gujaratensis* **sp. nov.** NCBS HA-106 vertebrae from mid-body, (A) anterior view, (B) lateral view.](pone.0148380.g002){#pone.0148380.g002}

*Wallaceophis* **gen. nov.** may be distinguished from most members of the family Colubridae in lacking hypapophyses on posterior dorsal vertebrae. This condition is present in racers and whip snake of the genera *Platyceps*, *Hemorrhois*, *Spalerosophis*, *Hemerophis*, *Dolichophis*, *Hierophis*, *Eirenis*, *Orientocoluber*, *Coluber*, *Macroprotodon*, *Bamanophis* and *Lytorhynchus*. *Wallaceophis* **gen. nov.** differs from these genera in bearing unique vertebral dorsal scale reductions (vs. lateral reductions in *Platyceps*, *Hemorrhois*, *Hemerophis*, *Dolichophis*, *Hierophis*, *Eirenis*, *Orientocoluber*, *Coluber*, *Macroprotodon*, *Bamanophis* and *Lytorhynchus*); nine maxillary teeth (vs. 15--17 in *Spalerosophis*, 14--19 in *Platyceps*, 13--16 in *Hemorrhois*, 17--20 in *Hemerophis*, 16--18 in *Hierophis*, 16--26 in *Eirenis*, 15--19 in *Bamanophis*); presubocular present (vs. absent in *Macroprotodon*, *Orientocoluber*, *Bamanophis*). The new genus is closely related to the genus *Lytorhynchus* based on \~3047bp of nuclear and mitochondrial gene sequences however differs from it in having vertebral dorsal scale reduction (vs. lateral in *Lytorhynchus*); nine palatine teeth (vs. 3--5 in *Lytorhynchus*).

### Etymology {#sec012}

The proposed generic name is a compound of two words, the first being a patronym honoring Alfred Russel Wallace for his pioneering work on biogeography and for co-discovering the theory of natural selection with a suffix '*ophis*' (όφις) meaning snake in Greek. Gender of the proposed generic name is masculine.

### *Wallaceophis gujaratensis* sp. nov. Mirza, Vyas, Patel, Maheta & Sanap, 2016 {#sec013}

urn:lsid:zoobank.org:act:6616529A-8EC2-4606-878C-253F2CD0E6B1

(Figs [1](#pone.0148380.g001){ref-type="fig"}--[6](#pone.0148380.g006){ref-type="fig"})

![*Wallaceophis* **gen. et.** *gujaratensis* **sp. nov.** holotype male NCBS HA-105 (A) dorsal view, (B) ventral view.](pone.0148380.g003){#pone.0148380.g003}

![*Wallaceophis* **gen. et.** *gujaratensis* **sp. nov.** holotype male NCBS HA-105, (A) right maxilla, (B) right palatine.](pone.0148380.g004){#pone.0148380.g004}

![*Wallaceophis* **gen. et.** *gujaratensis* **sp. nov.** holotype male NCBS HA-105 head, (A) dorsal view, (B) ventral view & (C) lateral view.](pone.0148380.g005){#pone.0148380.g005}

![*Wallaceophis* **gen. et.** *gujaratensis* **sp. nov.** holotype male NCBS HA-105 head illustration showing scalation, (A) lateral view, (B) dorsal view.](pone.0148380.g006){#pone.0148380.g006}

### Holotype {#sec014}

male, NCBS HA-105, collected from Khengariya village, Viramgam taluka, Ahmedabad district, Gujarat state, India (23.0217946 N, 72.0217584 E, altitude 21m) by Jaydeep Maheta on 24th July 2014.

### Paratypes {#sec015}

female BNHS 3503, collected form near Amreli, Amreli district, Gujarat state, India by Viral Joshi on 20^th^ March 2013.

### Other material {#sec016}

NCBS HA-108, an unsexed, damaged individual from Malod, Wadhwan Taluka, Surendranagar District, Gujarat (22.684461 N, 71.6501 E) by Kartik Upadhayay on 12^th^ April 2014.

### Etymology {#sec017}

The specific epithet refers to Gujarat state in western India where the new species was discovered.

### Description of holotype male NCBS HA-105 {#sec018}

The specimen is in good condition preserved in a coil with a mid-ventral longitudinal incision at mid-body and another under the tail ([Fig 3A and 3B](#pone.0148380.g003){ref-type="fig"}).

Dorsally wheat coloured with 3--4 dorsal scale rows wide black longitudinal lateral stripe from post nasal till the tip of tail ([Fig 1](#pone.0148380.g001){ref-type="fig"}). Head dark wheat coloured dorsally with diffused dark spots/patches, internasals and prefrontals in a darker shade; head laterally creamish with a brown stripe from nasal region all through the orbit merging with the lateral stripe along the body. Supraoculars with dark brown diffused patches on anterior portion. Frontal heavily dotted with dark brown spots and diffused markings. Parietals with short longitudinal dark brown lines present. Colour of eye golden with an orange ting ([Fig 1](#pone.0148380.g001){ref-type="fig"}). Venter and labials creamish white; labials bordered with grayish colour and each ventral scale with a brown spot on each anterior corner. Ventrolateral portion of snake with fairly equidistant black spots, distinct and aggravated anteriorly and diffused on posterior part of the body. Specimen slightly paler in preservative ([Fig 3A and 3B](#pone.0148380.g003){ref-type="fig"}).

Head short, 14.83 mm comprising 2.95% of total length; high, 3.99 mm, with steeply domed snout in lateral view. Snout tapering to blunt, rounded tip in dorsal view (Figs [3E](#pone.0148380.g003){ref-type="fig"} and [4A](#pone.0148380.g004){ref-type="fig"}). Triangular rostral, not visible from dorsal view; wider than deep. Nostrils large, crescent shaped, between two sub-pentagonal nasal scales. Paired internasals large, slightly wider (1.25) than long (1.23); smaller than prefrontals. Prefrontals, longer (1.72) than wide (1.70); frontal bell shaped, 2.74 at the widest anterior border, median length 3.55 and 1.97 posterior width at suture with supraocular. Parietals 4.59 long, 2.88 at its widest anterior, 0.88 at its posterior border (Figs [3C](#pone.0148380.g003){ref-type="fig"} and [4B](#pone.0148380.g004){ref-type="fig"}). Temporals 2 + 2 on the left/ 2+1+2 on the right, subequal in size, posterior one inserts deeply between supralabial fifth and sixth. Eight to nine nuchal scales, larger than adjesant dorsal scales, bordering parietals. Supraocular slightly smaller than preocular; preocular large, deeper than wide. Loreal wider (1.34) than long (0.84). Two postoculars, upper one larger. Eye circular, 1.55 diameter with a rounded pupil. Eight supralabials, fourth and fifth in contact with orbit. First supralabial very small and, apart from second supralabial, contacts only rostral and nasal (Figs [5A--5C](#pone.0148380.g005){ref-type="fig"}, [6A and 6B](#pone.0148380.g006){ref-type="fig"}). Second supralabial small, contacting nasal, loreal and first and third supralabials. Third subequal, fourth and fifth supralabial scales much larger, taller than long. Fourth supralabial in contact with presubocular, third and fifth supralabials and scarcely touching loreal. Fifth supralabial the tallest and eighth longest.

Mental short, broad, triangluar ([Fig 5B](#pone.0148380.g005){ref-type="fig"}). Anterior four infralabials short and thin, fifth onwards larger. Fifth and sixfth infralabials much larger, smaller in size as each of a pair of posterior genials. Anterior genials twice as long (3.08) as wide (1.50), posterior genials 3.42 long and 0.98 wide. Posterior pair separated by two to three rows of scales ([Fig 5B](#pone.0148380.g005){ref-type="fig"}).

Maxilla with nine teeth lacking a distinct diastema ([Fig 4A](#pone.0148380.g004){ref-type="fig"}). The posterior-most one slightly enlarged or subequal. First five teeth equidistant from each other, followed by a cluster of three teeth and a single one separated apart. Palatine with nine teeth placed continuously lacking diastema ([Fig 4B](#pone.0148380.g004){ref-type="fig"}).

Body subcylindrical, ventral surface a little flattened. Dorsal scales formula as in [Table 1](#pone.0148380.t001){ref-type="table"}, up to posteriormost ventral. Dorsal scale row reduction unique, with only two lateral reduction and a series of vertebral increase and reduction. First lateral reduction in less \<1% of the ventral scales with a single vertebral addition at 14% which is reduced by a vertebral reduction at 56%. The second lateral reduction is observed at 58.7% followed by four vertebral reductions at 65.7%, 67%, 94% & 96%. Dorsal scales imbricate, regularly arranged, evenly sized, each with an apical pit. All body scales smooth and glossy, lacking keels. Ventral scales 216 in number. Anal shield undivided, similar in size to last ventral scale, its posterior margin overlaps four small, irregular scales on right and five on left, in addition to pair of larger subcaudals medially. Subcaudals paired, 54 in number. Tail terminates in a sharp tapering apical spine. Total length 501.4 mm, tail length 60.9 mm, tail/total length ratio 0.138. Anteriorly with 11 to 13 dorsal scale rows, reducing to about six at mid tail, four surrounding base of terminal spine.

10.1371/journal.pone.0148380.t001

###### Dorsal scale row reduction formula of *Wallaceophis* gen. et. *gujaratenesis* sp. nov. holotype male NCBS HA-105.

![](pone.0148380.t001){#pone.0148380.t001g}

  ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  $25\frac{4 + 5(3)}{4 + 5(2)}23\ 12 = 12 + 13\left( 31 \right)\ 24\ 10 + 11\left( 123 \right)\ 23\frac{4 + 5(127)}{4 + 5(127)}21\ \text{-}10\left( 142 \right)\ 20\ \text{-}11\left( 145 \right)19\ \text{-}10\left( 204 \right)\ 18\ \text{-}9\left( 208 \right)\ 17(216)$
  ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Hemipenis extending to the 16^th^ subcaudal plate. Unilobed, aspinose at base. Small spines start 1/3^rd^ of its length from base which gradually increase to large spines directed downwards.

### Variation {#sec019}

All examined and referred specimens match with the holotype and differ in the following respect- SVL range 253--930mm (n = 9); ventrals 215 (BNHS 3503); subcaudals 51, of these five entire/not divided.

### Suggested common name {#sec020}

Wallace's striped snake/ Wallace's racer

Natural History & Distribution {#sec021}
------------------------------

The type specimen was collected from a manmade water hole near an irrigation canal along with a few juveniles of *Xenochropis piscator*. The species appears to be diurnal as it was collected at *ca*. 11:15 hours. The type locality, Khengariya village, is situated in the dry plains of central-western region of Gujarat state. According to Champion and Seth \[[@pone.0148380.ref029]\] the type locality falls under Desert thorn forest. The floral composition of this area is made up of *Acacia senegal*, *Acacia leucophloea*, *Euphorbia neriifolia*, *Capparis* spp., *Zizyphus* spp., etc. The region falls under the drier parts of the country. The annual precipitation is 838mm. Majority of the precipitation occurs during the months of July and August. The temperature varies from as low as 12^°^C during winter and as high as 43^°^C during the hot summer days. These conditions create a harsh environmental condition for any life form living in this area. The snake was immersed in water to wash it upon which the snake dived to the base of the bucket and remained submerged for about five minutes. The holotype was also found in water suggesting that the snake might prefer areas in proximity to water sources. While photographing the snake, the snake made attempts to dig into the substrate which suggest that the snake is fossorial in nature. An individual retained in captivity was offered a *Hemidactylus* sp. which was readily accepted. We have also been able to collect the secondary information about the species' habits and habitat from local 'snake rescuers' and wildlife photographers on the basis of colored images/photographic evidences ([Table 2](#pone.0148380.t002){ref-type="table"}). This yielded information denotes that the species inhabits other parts of the state too, including the holotype, paratype and the specimen NCBS HA-108 ([Fig 7](#pone.0148380.g007){ref-type="fig"}). The information from various sources and collection sites of specimens shows that species is distributed in four different sub biotic land regions as 4B1Saurashtra Plateau, 4B2-Bhal, 4B4 Plains and 4B5Plains of Gujarat and this entire land mass further falls in 4B Semi-Arid Gujarat-Rajputana Provinces as per the Biogeographic Zone Classification of Rodgers and Panwar \[[@pone.0148380.ref030]\]. For a summary of distribution localities, see [Table 2](#pone.0148380.t002){ref-type="table"}.

![Map showing type locality and known records for *Wallaceophis* gen. et. *gujaratensis* sp. nov.\
Locality indicated by a white star for holotype NCBS HA-105 and white circle for paratype BNHS 3503, green polygon for NCBS HA-108; localities indicated by yellow circles are based on photographic evidence. Inset map showing position of Gujarat state in western India highlighted in black. 1- Sagwadi, Bhavnagar; 2- Bopal, Ahmedabad; 3- Old Port, Bhavnagar; 4- Bhanvad, Jamnagar; 5- Saladi, Amareli; 6- Halol, Panchmahal.](pone.0148380.g007){#pone.0148380.g007}

10.1371/journal.pone.0148380.t002

###### Distribution localities of *Wallaceophis* gen. et. *gujaratenesis* sp. nov. based on specimens and/or photographic evidence.

![](pone.0148380.t002){#pone.0148380.t002g}

       Date         SVL         Locality                    GPS co-ordinates                    Habitat                 Remark
  ---- ------------ ----------- --------------------------- ----------------------------------- ----------------------- ----------------------
  1    **--**       320         Sagvadi, Bhavnager          21°44\'8.73\"N, 72° 8\'15.60\"E     Human habitation        Specimen examined
  2    28/06/2006   **--**      Bopal, Amadavad             23° 1\'49.94\"N, 72°27\'42.61\"E    Human habitation        Photographs examined
  3    26/05/2006   **--**      Old port, Bhavanagar City   21°47\'43.63\"N, 72° 9\'0.20\"E     Industrial area         Photographs examined
  4    19/04/2007   **--**      Bhanvad, Jamnagar           21°55\'34.28\"N, 69°46\'55.34\"E    Human habitation        Photographs examined
  5    15/09/2010   320         Saladi, Amareli             21°24'1.59"N, 71°19'30.65"E         Human habitation        Photographs examined
  6    29/09/2010   450         Saladi, Amareli             21°24'1.59"N, 71°19'30.65"E         Human habitation        Photographs examined
  7    20/11/2010   570         Saladi, Amareli             21°24'1.59"N, 71°19'30.65"E         Human habitation        Photographs examined
  8    20/11/2010   590         Saladi, Amareli             21°24'1.59"N, 71°19'30.65"E         Human habitation        Photographs examined
  9    20/03/2013   253         Nr. Amareli                 **--**                              Road-kill               BNHS 3503
  10   11/03/2013   930         Halol, Panchmahal           22°29\'48.88\"N, 73°28\'20.59\"E    Industrial area         **--**
  11   27/06/2014   400         Vaghela Mine Wadhavan       22°39\'31.00\"N, 71°39\'48.99\"E    Found in bird's foods   Photographs examined
  12   12/04/2014   *ca*. 350   Nr, Malod, Wadhavan         22°41\'4.06\"N, 71°39\'0.36\"E      Found in bird's foods   NCBS HA-108
  13   24/07/2014   501         Khengariya, Viramgam        23°1\'18.462\"N, 72°1\'18.3288\"E   Rescued                 NCBS HA-105

Discussion and Conclusion {#sec022}
=========================

Phylogenetic analysis based on a total of 3047bp of concatenated nuclear and mitochondrial genes shows that *Wallaceophis* **gen. nov.** is a member of a clade of arid snake species within Colubrinae containing the genera *Hemorrhois*, *Platyceps*, *Hierophis*, *Hemerophis*, *Eirenis*, *Dolichophis*, *Orientocoluber*, *Bamanophis*, *Macroprotodon* and *Lytorhynchus* ([Fig 8](#pone.0148380.g008){ref-type="fig"}). The relationships recovered from our analysis are congruent with those of Pyron et al., \[[@pone.0148380.ref008],[@pone.0148380.ref009],[@pone.0148380.ref031]\]. *Wallaceophis* **gen. nov.** is genetically most similar to the genus *Lytorhynchus* with an uncorrected pairwise sequence divergence of 21.5% for nuclear cmos gene and is recovered as a sister taxa of the new genus with a deep divergence. The new genus shows 23--36% uncorrected pairwise sequence divergence for nuclear cmos gene from other genera of the clade ([Table 3](#pone.0148380.t003){ref-type="table"}). Our analyses are preliminary and must however be confirmed after incorporation of more taxa of the genus *Lytorhynchus* as well as data for additional nuclear genes. Based on morphology *Wallaceophis* **gen. nov.** can be readily distinguished from all members of the old world racers in have a unique dorsal scale row reduction pattern in addition to bearing fewer maxillary teeth.

![Maximum Likelihood phylogeny (cmos, cytb, nd4, 12s, 16s) with GTR +G model of selected snakes of the subfamily Colubrinae.\
Numbers at nodes represent likelihood bootstrap support with 1000 replicates. Out-group excluded.](pone.0148380.g008){#pone.0148380.g008}

10.1371/journal.pone.0148380.t003

###### Uncorrected pairwise sequence divergence (%) between *Wallaceophis* gen. et. *gujaratenesis* sp. nov. and old world racer and whip snake genera for the nuclear gene cmos.

Divergence between two specimens of *Wallaceophis* **gen. et.** *gujaratenesis* sp. **nov.** is 2%.

![](pone.0148380.t003){#pone.0148380.t003g}

  Genera             Sequence divergence
  ------------------ ---------------------
  *Bamanophis*       36
  *Dolichophis*      30--32
  *Eirenis*          25--32.2
  *Hemerophis*       28.6
  *Hemorrhois*       23.3--30.4
  *Hierophis*        23.3--32.2
  *Hierophis*        23.3--34
  *Lytorhynchus*     21.5
  *Macroprotodon*    28.6
  *Orientocoluber*   27
  *Platyceps*        25--28.6
  *Spalerosophis*    28.6

Molecular dating reveals that the split between the genus *Lytorhynchus* and *Wallaceophis* **gen. nov.** took place around early Miocene about 17.1 MYA (11.08--23.05 MYA, [S1 Fig](#pone.0148380.s001){ref-type="supplementary-material"}) which is when the Indian plate was well connected to Asia \[[@pone.0148380.ref032]\]. The genus *Lytorhynchus* is distributed across northern Africa through Sub-Saharan region up to the Indian state of Rajasthan and members of this genus are sand dwelling species. A single species of the genus *Lytorhynchus* is reported from only three localities in Rajasthan \[[@pone.0148380.ref033]\]. The new monotypic genus on the other hand is restricted to western and central parts of Gujarat state.

A vicariance hypothesis in which speciation resulted due to long isolation on Saurashtra then an island during early Miocene for *Wallaceophis* **gen. nov.** is proposed based on dispersal and vicariance analysis ([Fig 9](#pone.0148380.g009){ref-type="fig"}). Ancestral lineage likely dispersed from Saharo-Arabian region through Trans-oceanic dispersal and colonized Saurashtra. Rising Himalayas resulted in \~50m of sea level drop and hence simulation of sea level rise clearly show that Saurasshtra was an island and hence we propose a Trans-oceanic dispersal and not by land as Saurashtra was bound by the sea at least until early Holocene. Colonization by oceanic dispersal seems more plausible as Saurashtra was surrounded by water (Gaur et al. 2013) prior to the rise of Himalayas. After Indian plate collided with Eurasia, uplift of Himalayas between 35--20MYA and Antarctic ice sheet growth 10.5 MYA \[[@pone.0148380.ref034],[@pone.0148380.ref035]\] resulted is seal level drop to \~50m (Condie, 1997) creating land connections between Saurashtra and mainland India ([Fig 10](#pone.0148380.g010){ref-type="fig"}). Ancestral area reconstruction analysis indicates that the ancestor of *Lytorhynchus* and *Wallaceophis* **gen. nov.** had a Saharo-Arabian origin which dispersed into the oriental region ([Fig 9](#pone.0148380.g009){ref-type="fig"}). The fact that islands are known to harbor peculiar endemic radiation and have been seen across taxon on large as well as small islands \[[@pone.0148380.ref036],[@pone.0148380.ref037]\]. Saurashtra too might certainly be home to several more endemic radiation of across other taxa which needs to be explored as a morphologically distinct taxa like a snake remained undocumented hitherto despite numerous authors made attempts to produce a comprehensive compilation on Indian snakes in the last fifty years.

![Ancestral area cladogram selected snakes of the subfamily Colubrinae.\
Inset map of world showing zoogeographic regions of the world modified after Holt et al. (2013). Regions of the World coded as follows: 'A' Palearctic, 'B' Saharo-Arabian, 'C' Afro-Tropical, 'D' Oriental, 'E' Nearctic, 'F' Sino-Japanese.](pone.0148380.g009){#pone.0148380.g009}

![Map showing the western Indian state with two different sea levels highlighting Saurashtra as a functional island (A) 0m (present), (B) 15m (prior to rise of Himalayas).](pone.0148380.g010){#pone.0148380.g010}

Oceanic dispersal has largely been considered as a rare event and an explanation of last resort however it seems more common and plausible explanation in many taxa especially plants, reptiles and amphibians \[[@pone.0148380.ref038]\]. Many studies have shown that several lineages of snakes have dispersed via oceanic dispersal \[[@pone.0148380.ref002],[@pone.0148380.ref039],[@pone.0148380.ref040]\]. Colonization of biota in India has largely been attribute to (i) rafting Indian plate carried biota from Africa/Madagascar, (ii) invasion of Asian biota after Indian made contact with Asia however the possibility of oceanic dispersal shaping India's biota has not been explored and provides new dimensions for research. Rise of Himalaya's has largely influenced climatic conditions in India as well as its biota as highlighted in the present work as well as previous workers \[[@pone.0148380.ref041]\]. Sea level rise and drop reshape landmass which greatly influence their biota and these fluctuations in sea levels due to Himalayan uplift appears to be an interesting aspect for biogeographic investigations and research. In addition to this, Saurashtra being an island provides an avenue for research across taxa to explore effects of long term isolation of biota.

India is home to \~280 species of snake which highlight the high diversity of serpents in the country. After publication of the Fauna of British India series by Smith (1935, 1943), it appeared that the reptilian fauna of India is well documented. However, in the recent years, numerous new species of reptiles have been described from the country highlighting the need for more dedicated surveys across the country (see \[[@pone.0148380.ref042]--[@pone.0148380.ref047]\]).

Gujarat, the western most state of India, is unique in terms of habitat diversity. Most of the major mountain ranges of Peninsular India, such as Aravalli, Vindhya, Satpura and Western Ghats have a terminus in Gujarat. The varied geology and topography of these hills is coupled with the extensive xeric regions that are contiguous with those of Rajasthan and Pakistan, coupled with changing landscape connections due to fluctuating sea levels results in high habitat diversity, which supports a unique and diverse biota. However, except for few surveys, forests of Gujarat are herpetologically unexplored. Discovery of a new gecko *H*. *gujaratensis* \[[@pone.0148380.ref048]\] and other recent additions of herpetofauna of Gujarat \[[@pone.0148380.ref049]\] indicate that dedicated surveys across the state may yield additional herpetological discoveries from Gujarat. Discovery of *Wallaceophis gujaratensis* **gen. et. sp. nov.** further adds to the growing knowledge of the high degree of unique and endemic herpetofauna in the country (see \[[@pone.0148380.ref050]--[@pone.0148380.ref053]\]) and also brings to light the poor nature of herpetofaunal documentation in the country. Systematics of Indian snakes is largely unattended and is in need of revision after incorporating molecular and morphological data which will inevitably result in discovery of many more diverse and such distinct lineages.
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Numbers at node indicate Bayesian posterior probabilities and blue bar indicates 95% HPD.

(TIF)

###### 

Click here for additional data file.

###### Genbank accession numbers of sampled taxa for analysis.

(DOCX)

###### 

Click here for additional data file.

Rahul Khot, curator of BNHS is acknowledged for granting access to specimens and registration of the type. We are grateful to Viral Joshi, Kartik Upadhayay, Shantilal Tank, Mukesh Bhati, Bhargav Parmar and Vaibhav Naik for their help and support during the study. JM is acknowledges Research and Training Centre, Gandhinagar. Special thanks to Uma Ramakrishnan and Krushnamegh Kunte for allowing ZM to use lab facilities. Molecular work would not have been possible without support of members of Lab 3 & Lab 8 at NCBS especially Kaushal Patel, Nishma Dahal, Pankaj Koparde, Jyothi Nair, Vaishali Bhaumik, Krishnapriya Tamma and Ishan Agarwal who helped with standardization of PCR to help in building phylogeny and discussions on phylogenetics. Special thanks to the forest department of Gujarat for issuing research permits to Raju Vyas and Harshil Patel. Special thanks to Ulrich Joger and an anonymous review for their comments from which the manuscript greatly benefited. Tiasa Adhya edited the final draft of the manuscript.

[^1]: **Competing Interests:**The authors have declared that no competing interests exist.

[^2]: Conceived and designed the experiments: ZAM RVS HP. Performed the experiments: ZAM RVS HP. Analyzed the data: ZAM RVS HP. Contributed reagents/materials/analysis tools: ZAM RVS RV HP JM. Wrote the paper: ZAM RVS RV HP JM.
